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The spatial dimension of patenting by
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Abstract
We investigate the spatial pattern of patenting by the world's largest
multinational enterprises (MNEs). Based on a summary of the theoretical
literature,weexpectspatialconcentrationofpatentingbytheselargeMNEs.
A database is developed that provides information on MNE patenting from
European regions. This database is used to describe a number of features of
thespatialpatternofpatentingbyMNEsinEurope.Themain®ndingsarethat
MNEs patenting is strongly concentrated in a relatively small number of
regions, and that the share of foreign patenting in total patenting varies
greatly by ®rm. We use patent citations to measure the spatial concen-
tration of knowledge ¯ows between ®rms, and within the same ®rm
between different regional locations. For the majority of cases, we ®nd
that units between which patent citations occur are located relatively
near to each other, which indeed points to the spatial character of patent
citations. This holds for between-®rms citations and within-®rms citations.
Moreover,we®ndadistincttimepatternassociatedtoknowledge¯ows:the
spatial scope of these ¯ows ®rst broadens but then narrows down again.
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1. Introduction
Even though the notion of globalization has often been used without a very clear and
precise de®nition, it has been argued that this development makes the role of space
disappear (see the paper by Morgan in this issue). The essence behind this argument
is that with modern communication technologies, interaction between organizations and
peoplecanbeeffectivelyimplementedoverlargedistances,andhencephysicalpresenceis
nolongeraprerequisitetointeractwitharegion'seconomic,social,andtechnicalsystem.
At the same time, it has been argued that technology and knowledge generation is an
exception to the globalization trend. For example, Patel and Pavitt (1991), in an analysis
of patenting by the world's largest multinational enterprises (MNEs), conclude that
technologyisanimportantcaseof`non-globalization'.Bythis,theymeanthattheMNEs
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country.However,eventheiranalysis,aswellassubsequentevidenceprovidedby,e.g.Le
Bas and Sierra (2002), indicates that although the largest part of R&D by MNEs is
performed in the home base, the part that is done abroad is non-negliable. We are thus
leftwiththeimpressionthatR&DactivitiesbyMNEsaresubjectto`globalization',butto
a lesser extent than other activities, such as production and marketing by the same ®rms.
Doesthisimplythe`deathofgeography'ininnovationsystems,asthepaperbyMorgan
in this issue asks? The analysis here will argue exactly the opposite, i.e. that the tendency
to perform R&D abroad implies a strengthening of the notion of regional innovation
systems. The line of reasoning will rest on one important argument, namely that due
totheexistence ofspeci®c skillsandcompetenciesinpeoplewhoarenot perfectly mobile,
technological capabilities of speci®c regional innovation systems cannot be tapped into
easilyfromadistance.Thus,anMNEwishingtomakeuseofsuchspeci®cknowledgewill
havetoacquirepresenceintheregion,eitherbysettingupagreen®eldR&Dfacility,orby
taking over an existing ®rm well embedded in the region's innovation system.
Thisisnotanewvisionontheroleofregionalinnovationsystemsasacontinuingfactor
even in the days of the internet. Consequently, the paper's contribution is not aimed at
providing a new theoretical argument to support this vision. Instead, the paper aims at
providing some empirical evidence in support of the importance of regional innovation
systems in Europe. For this purpose, it uses an extensive database on patenting by the
world's largest MNEs from European locations. To our knowledge, this paper presents
the ®rst European regional analysis of patenting activities by the world's largest ®rms,
based on European patents.
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The rest of the paper is organized as follows. The next section will provide a short
overviewofthemaintheoreticalstartingpointsforourempiricalanalysis.Themainparts
oftheliteraturethatwillbesurveyedarethebusinessliteratureonforeignR&Dactivities
by MNEs, and the economics and geographical literature on the local nature of
knowledge and knowledge spillovers. Section 3 will present our database, and discuss
the way in which we implement our indicators. Section 4 provides an overview of how
R&Dactivitybythe®rms inoursampleisspread overEurope'sregions.Section5will go
deeper into the issue of knowledge ¯ows, by using patent citations indicators. Finally,
Section 6 will provide the main conclusions.
2. Overview of the literature
The empirical research in this paper will investigate two main hypotheses. The ®rst is that
thereisnowamplereasonforMNEstolocateatleastpartoftheirR&Dactivitiesoutsidethe
home country. The second is that for choosing in which (foreign) region to locate these
R&D activities, a limited number of regions will be favoured more than other regions.
This section aims to provide a concise survey of the existing literature dealing with these
topics. As will be seen in the discussion, the two questions are not necessarily the same.
Although from a geographer's point of view, it might seem only too obvious that R&D
activities cluster regionally, the business literature dealing with locational behaviour of
R&D activities of MNEs does not necessarily come to this conclusion.
1 Previous works using a regional database of European patents, such as Cani els (1999), Breschi (2000), and
Maurseth and Verspagen (2002) have not used data at the ®rm level.
24  Verspagen and SchoenmakersThis business literature (e.g. Dunning and Narula, 1995; Cantwell and Janne, 1999;
Patel and Vega, 1999) has only recently come to the conclusion that `globalization' is an
important phenomenon affecting R&D activities of MNEs. Patel and Pavitt (1991) saw
foreign R&D activities of MNEs taking place, but concluded that foreign R&D of these
®rms was by-and-large an important case of `non-globalization'. Subsequent literature
has indeed concluded that foreign R&D is on the rise. For example, Le Bas and Sierra
(2002, p.600), on the basis of patent data for 350 large ®rms known to be strong
innovators, conclude that for the period 1994±1996, 19.5% of their total patents stem
from R&D performed outside the home country of the ®rm. The number was 15.8% for
the period 1988±1990. They also report cases where up to 60% of all patents stems from
foreign research.
The theoretical explanation for this trend points to two motives for locating
R&D abroad. The ®rst one can be called asset-exploiting foreign R&D (Dunning and
Narula, 1995). In this case, ®rms seek to exploit their existing technological capabilities
(developed by home base R&D) by means of performing R&D that is aimed at adapting
productsandtechnologiestolocalcircumstancesinaforeigncountry.Thiswouldhappen
if ®rms need to adapt their existing products to local taste, to local circumstances such as
climate, or when additional peripheral products are in need in a foreign location. Similar
motives may exist for other parts of the value-chain of a ®rm, such as marketing or
production.
Because this type of R&D is speci®cally aimed at the foreign locale, it will under many
circumstances be most ef®cient to undertake it in the speci®c foreign country or
region. This has the advantage of close interaction with local people and other produc-
tionfactors,andtoperformprototypetestingunderactuallocalcircumstances.Thereare
two essential points about this type of foreign R&D. The ®rst is that it is a substitute to
domestic R&D, and does not add in a radically new way to the speci®c technological
capabilities of the ®rm. The second is that this type of foreign R&D does not show any
particular tendency to locate in speci®c foreign regions on the basis of the technological
infrastructure of those regions. It is foreign demand that attracts this type of R&D,
not foreign technological capabilities.
The second type of foreign R&D is called asset-seeking (Dunning and Narula, 1995).
This argument starts from the assumption that different regions are characterized by
different knowledge bases, something that will be discussed below. The speci®c nature of
theforeigntechnologicalknowledgebasepullsthe®rmsintodoingforeignR&D.Instead
ofbuildingonitsexistingtechnologicalcapabilitiesandseekingtoextendthesetoforeign
circumstances, the ®rm now aims at utilizing the local knowledge base to develop new
capabilities that are complementary to its existing capabilities. The tapping into local
knowledgebasesmayeitherbeaimedatthe(semi-)publicresearchinfrastructure,suchas
universities and research institutes, or at knowledge developed by other ®rms. The ®rm
may use this knowledge to expand its existing products and technologies into new
technological directions, or to fuse its existing line of business with new developments
in certain technological ®elds.
This paper does not aim to investigate whether foreign R&D is dominated by either
asset-exploiting or asset-seeking R&D, which is the dominating research question in the
business literature (e.g. Patel and Vega, 1999; Criscuolo et al., 2001; Le Bas and Sierra,
2002). However, the distinction between the two forms of foreign R&D is important
becausetheyhavedifferentimplicationsforthespatialdimensionofknowledge.Whereas
asset-exploiting foreign R&D does not lead to regional clustering of R&D activities
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seeking variety is crucially linked to spatial concentration of R&D activities. In order to
see this, one must realize that the asset-seeking argument pre-assumes that knowledge
bases differ between locations, and that they cannot easily be tapped into from adistance
(e.g. the home base of a MNE). The asset-seeking strategy of foreign R&D would not
be necessary if researchers in the home base lab of a MNE would be able to use the
knowledge base of a foreign region. In other words, the asset-seeking argument assumes
that geography matters.
This brings us to the second research hypothesis formulated at the beginning of this
section. Continuing the line of argument, the choice for a particular region in terms
of foreign R&D location will depend on two factors: the nature of the region's local
knowledge base, and the extent to which the entering ®rm will be able to tap into this
knowledge base. These two factors are extensively covered in the literature on the spatial
natureofknowledge systems (see,e.g. thepaperbyMorgan inthisissue foranoverview).
Traditionally, one may point to two factors that enhance the local concentration of
certain types of knowledge building or R&D. First, there is the traditional argument
about agglomeration economies that is related to the availability of common resources.
Examples of these common resources include aspecialized workforce of skilled engineers
with experience in a certain ®eld of research, a university offering a specialized degree
relevantforthetypeofR&D,specialized®rmsthatcansupplycertaintypesofinstruments
and/or services, or even a notion such as technological culture (Saxenian, 1994).
When these types of resources are important inputs into the R&D process, an emerging
spatial cluster of R&D activities may provide important advantages to the `members'
of such a cluster, and thus a self-reinforcing process may set in that leads to strong
spatial concentration.
The second factor that may explain the spatial nature of knowledge is related to the
nature of knowledge itself. Here the distinction between knowledge and information
becomes of crucial importance. While information is by its very nature rather easy to
codify,thisisoftennotthecaseforknowledge(see,e.g.Cowanetal.,2000;Johnson,etal.,
2002; Gertler, 2001 provides a discussion speci®cally related to geography). Knowledge,
contrary to information, has a high degree of tacitness. This implies that it must be
transmitted by close personal interaction as in a teacher±pupil relationship, or by a
combination of codi®ed sources, experimentation, and hands-on trial-and-error
applications on the knowledge-receiving end.
This argument was ®rst introduced into the literature on ®rms' technological
capabilities and regional innovation systems by Von Hippel (1994). He used the term
`sticky knowledge' to indicate that knowledge cannot be transferred at non-signi®cant
costs between individuals or regions. As a logical outcome of this, he argued that ®rms
aiming at tapping into a knowledge base that has been developed in a certain region,
would locate in this region. In this way, they would be able to hire some of the engineers
with experience in the ®eld, to set up partnerships with ®rms in the region, and so on.
The argument is also found in the literature on the local nature of patent citations,
whichareoftentakenasanindicationofknowledgespillovers(e.g.Jaffeetal.,1993;Jaffe
and Trajtenberg, 1996; Maurseth and Verspagen, 2002). The issue here is whether or not
patent citations (and hence knowledge spillovers) between ®rms, or from (semi-) public
knowledgeinstitutesto®rms,dependongeographicaldistance.Theabovequotedstudies
®ndthatbothintheUSandEurope,knowledgespilloverstendtobemoreintensebetween
parties that are located close to each other in space.
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outlined above, Cantwell and Iammarino (2001) have suggested that Europe is
characterized by a division into three types of regions: higher order regions, inter-
mediate order regions, and lower order regions. The last category is characterized by
low technological activity, while the ®rst two categories have high technological activity.
What distinguishes higher-order regions from intermediate order regions is the range of
their activities over ®elds and the change of this. Intermediate order regions `attract
innovative activities for a speci®c set of specialized expertise which can be accessed by
asset-seekinglarge®rms', whereashigherorderregions are`morelikelytoattractabroad
range of both indigenous and foreign innovative activities ... large ®rms and [MNEs]
located there will generally try to extend their established lines of specialization through
intra-®rm networks' (Cantwell and Iammarino, 2001, pp.1010, 1011).
The short literature review in this section suggests that there may be reasons for
innovative activity (by the ®rms in our sample) to be clustered in a limited number of
regions (if asset-seeking behaviour plays an important role), or reasons to expect that the
distribution is more even (if asset-exploiting behaviour is important). We will use a
descriptive approach to assess which of the two cases prevails. Given that our ®ndings
imply that regional concentration is a very relevant phenomenon indeed, we will extend
our descriptive approach to investigate the relevance of some of the causal mechanisms
discussed above (localized nature of knowledge ¯ows).
We will follow the literature by using patents as a source of information. However,
contrary to, for example, Cantwell and Iammarino, we will use European patents. This
maybeconsideredasanimportantcomplementtotheexistinganalysisbasedonUSdata,
because the European patent system may bemore relevant for European based activities.
We will not, like Cantwell and Iammarino, focus the analysis on a small set of
predetermined regions, but instead take a broad view including 125 regions in the
current 15 European Union countries plus Switzerland and Norway.
3. The database
Thispaperfollowsinatraditionthatusespatentsasanindicatoroftechnologicalactivity.
As has been noted before (e.g. Basberg, 1987; Griliches, 1990), this indicator is far from
perfect.Someofthemost well-knownproblemsarethatnotall innovationsarepatented,
notallpatentsarecommercialized,thatpatentsmayvarywildlywithregardtoinnovative
size, and that the so-called propensity to patent (percentage of all inventions that is
patented) varies by industry. Nevertheless, most authors surveying these issues tend to
concludethatpatentstatisticscanbeusefulindicators.Forexample,asaconclusionofan
analysis comparing innovation count data and patent data as indicators of innovation at
the regional level for the USA, Acs et al. (2002, p.1080) conclude that their `empirical
evidence suggests that patents provide a fairly reliable measure of innovative activity'.
Our data source is the European Patent Of®ce (EPO) database on patent applications.
We select all patent applications
2 with a priority date in the years 1994±1997 (inclusive),
whethertheyaregranted,havebeenrejected(orwithdrawn),orarestillunderreview.Our
2 We will use the term `patents' loosely, i.e. also when we refer to patent applications.
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in1997,supplementedbyafewlarge®rmsfromtheFortunelistsinearlieryears.Ofthese,
we selected a subsample of ®rms active in high- to medium-tech sectors. For these ®rms,
we made use of the Dun & Bradstreet Linkages database to construct a list of their
subsidiaries. The Dun & Bradstreet Linkages database includes only full, i.e. 100%,
subsidiaries. We refer to this list as the `group'. The version of the Dun & Bradstreet
Linkages database we used is from late 1998, and represents thus the mother±daughter
relationships at, or in fact slightly before, that point in time. Of course these connections
havenotalwaysbeenastheywerein1998.Thisisthereasonwhywewilluseonlyalimited
setofyearsforourpatentdatabase.Whenanalysingpatentcountsper®rm,weuse1997as
the best approximate year, and we can be fairly con®dent that our data are correct in the
large majority of cases. When it comes to analysing patent citations, we need to take into
account a longer period, because the dates of cited and citing patents usually lie apart
several years. We use the period 1994±1997 in this case.
A total of 171 ®rms were investigated in this way. From this large sample, only ®rms
with a minimum of 25 patents during 1994±1997 were included in the analysis (see below
foranoteonhowpatentswerecounted).Theresultingdatasetcomprises87®rms,divided
overthefollowingsectors(numbersinparenthesesarethenumberof®rmsintheanalysis):
chemicals (13), pharmaceuticals (9), petroleum (8), electronics (13), computers (5), semi-
conductors(1),telecommunications(6),aerospace(5),industrialandfarmequipment(6),
basic metals (4), motor vehicles (13), and scienti®c, photo and control equipment (3).
3
In the parts of the analysis below that refer to sectors, we will usually regroup the




In order to capture the geographical dimension of the data, we specify 125 European
regions, largely based on the NUTS regional classi®cation applied by Eurostat. We use
essentially the same regional breakdown as in Maurseth and Verspagen (2002), which
includes both NUTS 1- and 2-digit regions, but add a few countries. The countries in
the database now include Norway, Sweden, Finland, Denmark, Ireland, the United
Kingdom, the Netherlands, Germany, Belgium, Luxembourg, France, Italy, Spain,
Portugal, Greece, Switzerland, and Austria. In the case of Germany and Austria,
small urban regions (Bremen, Hamburg, and Vienna) were merged with neighbouring
orsurroundingregionstoavoidtoosmallgeographicalentities.ForIreland,Finland,and
Luxembourg, we do not have a regional breakdown and these countries are included as a
single region. For Switzerland, Norway, and Denmark, the classi®cation used was not
based onNUTS, but instead on national administrative de®nitions (in Switzerland it was
based on Cantons, in Norway on Fylken, in Denmark on Landsdelen).
4
The assignment of patents to regions is done by using the postal code of the inventor
address.TheexactprocedureusedtodothisissimilartoCani els(1999).Weselectpatents
bytheirapplicants(i.e.themultinational®rmsgroups),butassignpatentstogeographical
3 An annex giving the full list of the ®rms in the sample is available from the ®rst author's website: http://
www.tm.tue.nl/ecis/bart.
4 An annex giving the full list of the regions in the analysis is available from the ®rst author's website: http://
www.tm.tue.nl/ecis/bart.
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geographical location of the inventor rather than the applicant, because this corresponds
closertowheretheactualresearchthatledtothepatentwasundertaken.Inordertocope
with multiple inventors and/or applicants of a single patent, we apply a fractional
counting method. Suppose a patent has n inventors and m applicants (n is usually
larger than 1, m usually equal to one). Suppose that of the n inventors na (smaller or
equalton)arelocatedinregionA,andthanmb(smallerorequaltom)ofthemapplicants
are subsidiaries of ®rm B. Then a fraction 1/(namb) of the patent is assigned to location A
of ®rm B.
4. The spread of patenting over European regions
As was already noted above, it has been argued that R&D is an important case of `non-
globalization' (Patel and Pavitt, 1991). Table 1 shows that argument is valid only for a
relatively small part of our sample of multinational ®rms. The table gives the share of




the sample). The numbers given refer to all ®rms in the given sector, or the total sample.
Themean ofthe share ofpatentsoriginating from foreign locationsdiffers between the
sectors in the database: it varies from 0.15 to 0.24. The highest values are found for the
British company BTR (100%), the Swedish company Electrolux (81%), the Swiss
company ABB (61%),
6 and the French company Alcatel (52%). These are the only
companies with more than half of their patenting activity abroad. The median of
the share of foreign patents is in all cases smaller than the mean, which indicates that
the distribution is skewed towards the left side, i.e. towards ®rms with low values for the
internationalization of R&D. But the median value is clearly above 10% for the two
largest sectors in our database, i.e. chemicals and electronics (and clearly lower for the
other sectors in the database). In addition, it has to be born in mind that this number
wouldincreaseifonetakesintoaccountpatentsintheUSorothernon-Europeanpartsof
Table 1. Share of patents invented in foreign regions in Europe by European based MNEs, 1997
Sector/sample No. of ®rms Mean Median
Standard
deviation
Total sample 52 0.18 0.11 0.21
Chemicals, pharmaceuticals, petroleum 21 0.18 0.13 0.13
Computers, electronics, telecommunication 12 0.24 0.15 0.27
All other sectors 19 0.15 0.05 0.24
5 i.e.thetablegivesthemean,median,andstandarddeviationoveriofthevariablexiFi/Ti,whereiindicatesa
®rm, Fi is patents of the ®rm invented in a foreign location, and Ti is total patents of the ®rm.
6 ABBisoneofthecompaniesforwhichitishardtodeterminethehomebase.WehaveusedSwitzerland,while
Sweden would have been the other candidate country. There are two other companies for which this is
dif®cult: Unilever and Royal Dutch Shell. We decided to use the Netherlands as the home base for these
countries (the UK was the other choice available).
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there is indeed a large variety between ®rms with regard to their level of R&D
globalization. The ®ndings in Table 1 support the case that foreign R&D is a substantial
part of all R&D activities by the ®rms in our sample.
In order to provide an overview of which European regions attract most R&D activity
by the ®rms in our sample, we construct the maps in Figure 1. The shading of the maps is
an indication for how many ®rms have a positive number of patents from that particular




low amount of ®rms, dark shades a high amount of ®rms).
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the UK (London) and the region around Paris are on top of the list. These regions all
attract around 45 ®rms, i.e. slightlymore thanhalfofallthe®rms in thesample areactive
intheseregions.Otherregionsinthecentreofthemapalsorankrelativelyhigh,including
mostotherregionsinWestGermany,thesouthoftheNetherlands,thenorthwestofItaly,
and the south east of France. Outside the cluster of regions in the centre, only some
isolated regions attract a signi®cant amount of ®rms: the regions around Stockholm,
Madrid,Rome,aswellasScotlandandIreland.Incomparisonwiththelistofhigherorder
regionsde®nedbyCantwellandIammarino(2001),we®ndthattheirregionsareincluded
in the top of our list as well. However, our results clearly show that in terms of the sheer
numbers of ®rms active in regions, the criterion of having only one region per country is
rather restrictive.
The pattern changes only slightly if we leave out the R&D activities of the European
®rms in their home country. This is displayed in the map in the right-upper corner. The
most prominent difference with regard to the previous map is that the three top German
regions are now somewhat less pronounced, although still quite high up on the list. Now
the regions around London and Paris are leading the ranking (35±40 ®rms). We also ®nd
that a number of higher order regions of Cantwell and Iammarino are no longer very
prominentwhenonlyforeignactivitiesareconsidered.ThisisthecaseforStockholm,and,
to a somewhat lesser extent, the area around Brussels.
Thenextfourmapsrefertoasubsetofthesecondmap,i.e.theyeachsingleoutaspeci®c
category of foreign activities. The third map (centre left) displays all foreign activities by
European ®rms. What is notable here is that the region around Paris is much favoured as
comparedtotheothertoplocationsfromthepreviousmaps.Thepictureisquiteopposite
with regard to the Japanese and US ®rms taken together. This is in the centre right map.
HerethesoutheastoftheUK(London)and,toalesserextent,Germanystandout.What
is notable also is the almost complete absence of Japanese and US ®rms from other parts
ofEuropethanCentralEurope.Amongthenon-European®rms,theUS®rmsarealarger
groupthantheJapanese®rms.Thelasttwomapssingleoutthedataforthese two groups
separately. The US ®rms are in the lower left corner. Here we see some activity in most of
the central regions that were seen before. However, London and the German regions
particularly attract the US ®rms. The few Japanese ®rms that are active in Europe (right
bottom corner) are mostly concentrated in the area around London.
Concluding, we observe a tendency for R&D activities by MNEs to be concentrated in
relativelyfewregions inEurope.LargepartsofEuropedonotseeany,orverylittleR&D
activitiesbythe®rmsinoursample.Moreover,foreignR&Dactivitiestendtobeaimedat
an even smaller set of regions, with US and Japanese ®rms being again somewhat more
selective that European ®rms doing R&D in foreign European countries.
Given the rather concentrated pattern of MNE presence in European regions, it
becomes of interest to look at the spread of patenting over regions at the level of










where Qi is our indicator for ®rm i (charted on the vertical axis of Figure 2), Pij is the
numberofpatentsof®rmioriginatingfromregionj.Qcanbeinterpretedasthenumberof
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patentinginallregions.Thelarger(smaller)thisvalueis,themore(less)spreadoutarethe
R&D activities of the ®rm.
The indicator is displayed in Figure 2, against the logarithm of the total number of
patentsforeach®rminEuropefortheperiod1994±1997.Thetwoaxesdrawninthe®gure
correspond to the median values of the indicators. There is no clear relationship between
the two indicators in the graph. High values of the spread over regions are found for
intermediate values of total patenting rather than the extremes of this distribution. There
are also no clear differences between the three sectors in the graph.
The minimum for the spread variable lies slightly above one, which would correspond
to the case where almost all patenting of a ®rm is concentrated in a single region. The
highest value for this indicator is reached at a value just under 11 (for the Swedish
company Electrolux, the next highest value is the US company Du Pont), while the
median is at 3.2. The overall picture is thus one in which most ®rms have signi®cant
foreign patenting activities, but these are concentrated in a limited number of regions,
both from a European spatial one, and from the point of view of the number of locations
per®rm.Therearealsosome®rms,however,whichpatentfromalargenumberofregions
and source a large share of their total patents from foreign (European) countries.
5. Geographical distance and patent citations in Europe
So far, it has been shown that the R&D activities of MNEs in Europe are indeed
concentrated in a limited number of regions. No attention has been paid, however, to
the mechanisms that may lead to this tendency. This section will investigate the issue of
sticky knowledge ¯ows and spillovers in a more detailed way. In order to do this, we need
to operationalize two additional dimensions in the database: distance and knowledge
¯ows/spillovers.
Figure 2. The number of patents vs the average speed of patenting over European regions, ®rm
level.




























chemicals etc. electronics etc. othersThe starting point for measuring the distance between regions is the classi®cation in
terms of NUTS units introduced above. The distance between two regions p and q is
measured by counting the (minimum) number of borders on the NUTS map one has to
crosstoreachregionpfromq.Forthesakeofthiscalculation,someregionswithseaareas
between them have been de®ned as actual neighbours, in order to make all regions
reachable from all other regions. This is an admittedly na ve way of measuring distance,
which could be improved in a number of ways, such as measuring actual distance in
kilometersormiles,orbymeasuringvirtualdistanceintermsoftravellingtime.However,
the analysis in Maurseth and Verspagen (2002) showed that for a subset of regions in the
present sample, the results do not differ substantially between the present distance
measure and a more sophisticated one based on actual distance in kilometers.
In order to measure knowledge ¯ows or spillovers, we will use patent citations, i.e.
references to previous patents given in patent documents. The legal purpose of patent
citations is to indicate which parts of the described knowledge are claimed in the patent,
and which parts have been claimed earlier by other patents. From an economic point of
view, however, the assumption is that a reference to a previous patent indicates that
the knowledge in the latter patent was in some way useful for developing the new
knowledge described in the citing patent. This is the line of reasoning offered in the
studies by e.g. Jaffe et al. (1993), Jaffe and Trajtenberg (1996, 1998), and Maurseth
and Verspagen (2002). The detailed case study by Jaffe et al. (1998) on a limited
sample of patents, as well as Jaffe et al. (2000) conclude that patent citations are a
`valid but noisy measure of technology spillovers'.
7
It should be emphasized that knowledge spillovers are a much broader concept than
capturedbypatent citations (US or European). First, inorderfor patent citations to take
place, both the spillover-receiving andspillover-generating ®rm must beactivelyengaged
in R&D and apply for (European) patents. Patents citations are spillovers between
researchers, not, for example, between supplier and customers. Second, patents are an
ultimate example of codi®ed knowledge, because they require an exact description of
technological®ndingsaccordingtolegallyde®nedmethods.Thus,onecanhavelittlehope
of identifying tacit knowledge ¯ows by means of the paper trails that patent citations
leave.Onemayassume,however,thatthecodi®edknowledge¯owsofpatentcitationsgo
hand-in-hand with more tacit aspects of knowledge ¯ows, but this argument remains
admittedly speculative. The conclusion is therefore that our analysis will only refer to a
very speci®c and limited form of knowledge generation activities and knowledge ¯ows,
and our data have important imperfections. The approach has, however, the advantage
that we can make use of a very detailed and precise database.
Patent citationsinvolveatimelag.Justafterthepatenthasbeenappliedfor,onlyafew
citationstoitwillappear.Thenumberofcitationsrisesuntilitreachesapeakafter(forthe
case of EPO patents) two or three years. Then the number of citations gradually falls to
zero over a prolonged period that may take up to 20 years. In order to stay as close as
possibletotheyear(1997)forwhichourmother±daughterrelationshipsfor®rmshold,we
look at cited patents that have priority date in 1994, and citing patents in the years 1994±
1997. Although the three-year citation lag that this implies is indeed rather short, it does
capture a signi®cant amount of a typical patent's citation life.
7 MaursethandVerspagen(2002)discussthedifferencesbetweentheUSandEuropeanpatentsystemthatare
relevant for the interpretation of patent citations.
The spatial dimension of patenting  33Because a patent citation involves two patents, the way of counting changes slightly
as compared to just patent counts. In principal, the fractional way of counting is
maintained, but we will look only at whether the number of citations between two units
is positive or zero. As a unit that may cite or be cited, we will take the location of a ®rm
in a region. Thus, if ®rm A has patenting from regions i and j, and ®rm B has patenting
from regions p and q, all possible citation links include Ai-Ai;Ai-Aj;Ai-Bp;Ai-Bq;
Aj-Ai;Aj-Aj;Aj-Bp;Aj-Bq;Bp-Ai;Bp-Aj;Bp-Bp;Bp-Bq; Bq-Ai, Bq-Aj, Bq-Bp, Bq-Bq.
Note that because citations are directional (it matters who cites and who is cited),
Ai-Aj is different from Aj-Ai. Note also that we include citations between members of
thesameMNEgroup,bothiftheyarelocatedinthesameregion(e.g.Ai-Ai)andiftheyare
locatedindifferentregions (e.g.Ai-Aj).Anadditionaldimensionisaddedbytime.If®rm
Ahas patenting from regioniin1994,and®rm Bhaspatentingfrom region pin1994 and
1997, the possible citation links include Ai(94)-Ai(94), Ai(94)-Bp(94), Ai(94)-Bp(97),
Bp(94)-Ai(94), Bp(94)-Bp(94), and Bp(94)-Bp(97).
Our approach will be to identify all combinations of ®rms/regions/years that may cite
each other, simply by enumerating them as in the above, simpli®ed examples. This is
important, because the evidence presented above suggests that we cannot pre-suppose
that patenting activity is randomly distributed over space. If it were, we could simply
compare the spatial distance between ®rms/regions with positive citations to the overall
mean distance on our European maps. Now that it turns out that the regions that are
heavily involved in patenting are a non-random selection from the complete sample of
regions, we have to take into account the underlying distribution of patenting over
regions. This can be done by looking at which of the potential citation links are
actually realized (i.e. lead to positive citations), and see whether or not these links are
characterized by relative closeness on the map.
Note that this approach does not take into account in any special way the existing
regional specialization pattern with regard to patenting. One may expect that R&D
activities of a similar kind are geographically concentrated. This could imply, for
example, that there is a tendency for patents within a single technology class to
concentrate in a limited space. If there were also a tendency for the citation rate
between patents within the same technology class to be higher than between different
technology classes, this would imply spatial concentration of patent citations. This is a
tendency that would certainly be picked up by our indicator.
It is our explicit choice not to `correct' our indicator for this tendency. The reason for
this is that we would argue theoretically that the specialization pattern of regions with
regard to technology classes would at least partly be caused by the localized nature of
spilloversandother¯ows.Inthiscase,theveryeffectthatwewouldattemptto®lteroutof
theindicatorwouldinfactberelatedinasystematicwaytothephenomenonthatwewant
to illustrate. Hence we leave an analysis of the causal structure between concentration of
innovative activities andthe existence of localized spillovers to future research(we expect
econometric methods might yield some insight into this issue). Of course this implies that
we cannot draw any conclusions on causality between these two phenomena.
The ®rst notable ®nding on citations is that the number of positive citations links is
smallrelativetothepotentialnumberofsuchcitations.ThisisdocumentedinTable2.The
number of positive citation links as a percentage of the potential number of citation links
(positive links plus zero links) is always small, never exceeding 3%. It is higher for within
group citations, indicating that knowledge ¯ows relatively more often between units that
are part of the same MNE group than between units that are part of different groups. In
34  Verspagen and Schoenmakersfact, the fraction of between group citation links that is positive never exceeds 0.2%,
whereas it only falls below 1% for two of the cases in the table (computers and
telecommunications) for within ®rms citations. We thus conclude that knowledge
¯ows between the MNEs in our sample as indicated by patent citations are a
relatively rare phenomenon.
There are also important differences between sectors. At the highest level of
aggregation, i.e. all chemicals-related sectors against all electronics and
telecommunications-related sectors, there is a striking difference with regard to within
group and between group citations. The latter type of citations is relatively low in
the chemicals-related sectors, while the former is relatively high. This indicates that




to the degree of cumulativeness and relative openness to `outsiders'. The chemicals
knowledge base is usually cited as an example of a knowledge base that is strongly
cumulative and not very open to non-insiders. The results here seem to con®rm this
®nding. The electronics knowledge base, however, is more open and less cumulative,
as indicated by the ®ndings in Table 2.
With regard to differences within the broadly aggregated sectors, it can be noted that
the three chemicals sectors are relatively homogenous, with only small differences
Table2. Thenumberofcitationlinkswithpositivecitations,withinandbetweenMNEgroups,bysector,cited










Between 274 766473 0.04
Chemicals, pharmaceuticals,
petroleum
Within 679 30910 2.15
Chemicals Between 113 217661 0.05
Chemicals Within 429 19083 2.20
Pharmaceuticals Between 21 43247 0.05
Pharmaceuticals Within 180 6692 2.62
Petroleum Between 14 28016 0.05
Petroleum Within 70 5135 1.34
Electronics, computers,
telecom
Between 397 401768 0.10
Electronics, computers,
telecom
Within 299 26405 1.12
Electronics Between 187 136493 0.14
Electronics Within 218 16282 1.32
Computers Between 2 5088 0.04
Computers Within 11 2501 0.44
Telecommunications Between 29 17099 0.17
Telecommunications Within 64 7228 0.88
Automobiles Between 56 81423 0.07
Automobiles Within 106 8865 1.18
Source: Own calculations based on EPO data. Some sectors not documented due to the small amount of positive citations.
The spatial dimension of patenting  35between them in terms of the percentage of positive citation links. This is not the case for
theelectronics-relatedsectors.Thisseemstoindicatethatwithinthebroadelectronicsand
telecommunications aggregate, there are large differences with regard to the knowledge
bases underlying the individual subsectors, while for the chemicals related sectors, these
differences are much smaller.





shading add up to one. The left bar for each year is for within group citations only, the
right one for between groups citations.
The in¯uence of time on the number of citations is similar to the stylized pattern
discussed above. All series have a peak in 1996, i.e. two years after the cited patent
was ®led. The number of citations occurring in the same years as the cited patent
(1994) is quite small, typically around 5%. The rate at which the number of citations
rises from 1994 onwards differs by sector. For the chemicals sectors, there is not a very
large difference between within and between group citations. In electronics, between
groups citations signi®cantly lag behind within group citation. Thus, we seem to have
evidence that knowledge diffuses more rapidly within ®rms than between ®rms only for
the electronics sector.
Fromthepointofviewoftechnologyregimes,this®ndingseemstogoagainsttheintuition
of the chemicals knowledge base as more cumulative and close to outsiders. On the basis
of this intuition, one might expect that between ®rms diffusion is relatively slow for the
chemicalssectors.Apossibleexplanationforthisparadoxmightbetherelativehomogeneity
of the knowledge base between the three chemicals subsectors, and the heterogeneity of the
knowledgebasesbetweentheelectronicsandtelecommunicationssectors.Indicationsforthis
difference between the two broadly aggregated sectors were already found in Table 2.
Unfortunately, the number of ®rms and patents in the current sample is not suf®cient to
prepare a reliable breakdown of the data in Figure 3 for the subsectors.
Finally,weanalysetherelationshipbetweencitations,distanceandtimetogetheratthe
sectoral level. To do this, we start by dividing the potential citation pairs into four
Figure 3. Citation patterns by sector and for within and between MNEs citations.
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positive citationlinks with thatof zero citationlinks.In light ofthe theoretical discussion
above, we would expect that the distance for the positive citation links would be lower
than for the zero citation links.
In addition, we can look at the development of average distance over time within each
segmentofpositivecitations.JaffeandTrajtenberg(1996)foundthatastimepassessince
the application of the cited patent, patent citations span a wider geographical distance.
Suchaphenomenon isbroadlyin accordance withthe notionofknowledgediffusion asa
spatial phenomenon (H agerstrand, 1967), implying that knowledge will ®rst diffuse
to spatial units close to where the knowledge originated, and subsequently diffuse to a
larger spatial area. This theory nicely complements the vision of knowledge as a spatially
sticky phenomenon that was discussed above.
Figure 4 displays the results for the chemicals sectors. The thin lines indicate the
development of average distance over time for the positive citations segments, the
thick lines do the same for the zero citations segments. For pharmaceuticals and
petroleum, the segment for positive citations between groups is too small to make the
results reliable, sothese lines areomittedfrom thegraphs. The®rstresultsisthatthe lines
forpositivecitationsarewellbelowthelinesforzerocitationsforallcases.Inotherwords,
positive citation links show a lower mean distance between the two regions involved than
zerocitationlinks.Itmustbenoted,however,thatthestandarddeviationofthedistances
withinallsegmentsisratherlarge.Thissuggeststhatatestforstatisticalsigni®canceofthe
difference between the mean distance of positive and zero citations would not reject the
nullhypothesisofequalmeans,althoughitisnotquiteclearwhichtestcouldbeusedsince
the distributions of the distances involved appear to be non-normal (skewed to longer
distances). On the other hand, the fact that for all four graphs we ®nd the same result,
namely that positive citations have lower mean distance than zero citations, is suggestive
of a systematic tendency rather than a random phenomenon.
With regard to knowledge ¯ows as a spatial process, the results are quite interesting.
Starting with the graph for all three chemicals sectors together (upper-left corner), we do
observe an initially increasing mean distance. That this is not due to a change in the
underlying distribution of patenting (as opposed to citation) activity over space is
indicated by the fact that the lines for zero citations remain largely ¯at over time.
Thus, we do ®nd that, on average, knowledge diffuses ®rst to nearby spatial units,
and only later to regions further away. However, after two years, a peak is reached,
and the graph levels off, and even starts to decline marginally. This general pattern is
common between citations between groups and citations within groups, although the
decline is more signi®cant for the within groups citations.
Thedeclineofaveragedistanceforthelastyear(1997)canbeinterpretedintermsofan
assumed interaction between spatial distance and the speci®city of knowledge for the
regional innovation system. In such an interpretation, the ¯ow of knowledge to spatial
units further away (i.e. the increasing part of the curve) corresponds at the same time to a
broadeningofthe®eldofapplication oftheknowledge.Thisfollowsfrom anassumption
that each regional system has its own speci®c pattern of technological interests and
applications. After the knowledge has become older and hence more obsolete, it loses
itsrelevancetoareasofapplicationthatarefurtherawayfromtheoriginal®eldinwhichit
The spatial dimension of patenting  37was developed. This implies that the spatial reach of the knowledge ¯ows declines, and
hencethatthecurvewouldfall(orleveloff).Obviously,thereisanelementofspeculation
inthisinterpretation,butitwouldbepossibletotestthispropositioninfutureresearchby
looking at the technology classes in which citations occur, and by extending the time
period of citations beyond the four years we have used here.
The observed general time pattern for the three chemicals sectors as a whole is, to the
extent that data is available, more or less repeated for the individual sectors. The one
exception is the curve for between group citations in chemicals. This curve starts from a
relatively high level of mean distance. However, it must be noted that this particular
observation is based on only four citation links, and hence may be in¯uenced by random
factors. The eventual decline is strongest for within group citations in the petroleum
sector. This sector also shows a rather early peak, i.e. at the year 1995. Finally, it is
observedthatallpeaksoftheobservedcurvesforpositivecitationsarewellbelowthelevel
indicated by the mean distance for zero citations.
Figure 4. The impact of distance and time on patent citations, within and between MNEs,
chemicals.
38  Verspagen and SchoenmakersFigure 5 displays the same indicators for the electronics sectors and motor vehicles.
Computers have too few citations in either category to provide reliable results, for
telecommunications it is only possible to calculate reliable results for within group
citations. In the electronics graphs, the ®ndings differ substantially between within
group and between groups results. For the electronics sectors together as well as for
the electronics sector in a narrow interpretation, between groups citations start off at
a level that is above the mean distance for zero citations for that segment. The two curves
then converge more or less to the mean distance of zero citations links. This result is
obviouslyincontracttotheexpectationsbasedonthetheoreticaldiscussionabove.Closer
inspection shows that this is largely driven by two ®rms: Nokia and Ericsson. Of the 187
betweengroupscitationsinelectronics(narrowlyde®ned),87havedistancelargerthansix
(which is about the mean distance of zero citations). Of these 87 cases, only eight (or 9%)
do not involve either Nokia or Ericsson. Although these Scandinavian ®rms do a large
partoftheirresearchabroad,theirdomesticpatentscitingotherpatentsaddlongdistance
citations to the sample.
Figure 5. The impact of distance and time on patent citations, within and between MNEs,
electronics, and motor vehicles.
The spatial dimension of patenting  39The other curves in the ®gure are consistent with the patterns already observed in the
previous graphs. They show mean distances below the values for the corresponding
category of zero citations, as well as the typical hill-shaped pattern that was discussed
above.Still,therearesomedifferencesbetweenthevariouscurves.Intelecommunications
andmotorvehicles,thepeakofthecurvesoccurratherearly,i.e.1995,asopposedto1996
or the other sectors.
Summarizing, we do ®nd support for the hypothesis of spatial concentration of
knowledge spillovers/¯ows. In general, positive citation links between regions are
characterized by lower mean distance between the citing and cited region than for
potential citation links that do not lead to positive citations. This seems to be a
tendency that is not speci®c to any of the sectors considered here, but instead occurs
acrosstheboardofsectorsandtechnologies.Totheextentthatthereareexceptionstothis
tendency (Nokia and Ericsson in electronics), ®rm speci®c factors seem to play a role in
explaining these, rather than sectoral differences. We also ®nd evidence for a spatial
pattern of knowledge diffusion, i.e. at ®rst citations occur at low distance, after which
thespatialreachofthecitationprocessincreases.Wedoobserve,however,alevellingoff,
or even reversal of this process.
6. Summary and conclusions
The aim of this paper was to provide empirical evidence for the argument that even in an
age of `globalization', regional innovation systems matter. To this end, a database on
patenting by 87 large MNEs from European regions was used. Several empirical ®ndings
stand out.
First,itwasfoundthatthedegreetowhichthe®rmsinthesampleperformtheirR&Din
foreign countries varies. The data on this phenomenon are limited to European ®rms. Of
these, the percentage of foreign patenting in total patenting varied between virtually zero
and100%.Themeanwasaroundone-®fth,whichiscomparabletoprevious®ndingsinthe
literature (e.g. Le Bas and Sierra, 2002).
Second, it was shown that a limited set of European regions attracts by far the largest
part of (foreign) R&D activity by the ®rms in our sample. Almost all these regions are
located in the central part of Europe, more speci®cally in the United Kingdom, France,
Germany, Switzerland, the Netherlands, and Belgium. Southern Europe attracts very
little R&D activity by the ®rms in our sample, and only some very limited number of
northern European regions ranks high. We take this as evidence of the fact that regional
technological capabilities (still) matter in the decision of our MNEs on where to locate
(foreign) R&D. We also observe differences in terms of where to locate between
European, Japanese, and US ®rms.
Third, it was found that there is no clear linear or monotonic relationship between the
sizeofa®rm'sR&Dactivityanditstendencytospreadovermorelocations.Infact,itwas
found that the ®rms with intermediate levels of activity are most likely to have a large
spread over European regions.
Fourth, we tested whether or not technology ¯ows as indicated by patent citations are
localized in space. We analysed both ¯ows between MNEs and ¯ows within MNEs, i.e.




40  Verspagen and Schoenmakerssectors, the spatial dimension of citations seemed to be largely invariant between sectors.
The spatial concentration ®nding holds for most cases of knowledge ¯ows between
MNEs, although there are exceptions to the phenomenon in this case. Speci®cally, it
was found that in electronics, the citation ¯ows involving two large Scandinavian ®rms,
i.e. Nokia and Ericsson can be characterized as `long distance'. This shows that besides
geographical factors, knowledge ¯ows are also characterized by a number of other, often
®rm-speci®c factors.
Finally,weusedthecitationsdatatotestthehypothesisthatknowledge®rstdiffusesto
nearby locations, and subsequently reaches a larger spatial realm. We found evidence
supportingthis hypothesis, again forcitations withMNEsandbetween MNEs, although
the case was stronger for citations within MNEs. Moreover, we found that during the
early stages of the knowledge diffusion process, the spatial reach of knowledge increases,
but after a while (usually two years), the reach declines again. This was attributed to the
regional speci®city of knowledge, although more empirical works needs to be done to
substantiate this argument further.
Overall, the results support the conclusion that regional innovation systems in Europe
stillmatter,atleastasfaraslargeMNEsareconcerned.Thisisaconclusionthatbothhas
importantpolicy implications, andhasimplications forfurtherresearchin the®eld. With
regard to policy, one might expect that European regional cohesion is at stake, especially
because of the localized nature of knowledge ¯ows and spillovers. This means that there
might be self-reinforcing tendencies for rapid growth based on the application of new
knowledge. However, further research is necessary to see what role is played in this by
smaller ®rms than the ones in our sample, and whether or not the localized nature of
spillovers is also relevant for spillovers related more to production than the ¯ows that we
analysed.
Acknowledgements
The research presented in this paper is part of the Globalisation Programme at the Centre for
Technology, Innovation and Culture (TIK), University of Oslo. Financial support from the
Norwegian Research Council is gratefully acknowledged.
References
Acs, Z.J., Anselin, L., Varga A. (2002) Patents and innovation counts as measures of regional
production of new knowledge. Research Policy, 31: 1069±1085.
Basberg,B.L.(1987)Patentsandthemeasurementoftechnologicalchange:asurveyoftheliterature.
Research Policy, 16: 131±141.
Breschi, S. (2000) The geography of innovation: a cross-industry analysis. Regional Studies, 34:
213±229.
Breschi, S., Malerba, F., Orsenigo, L. (2000)Technological regimes and Schumpeterian patterns of
innovation. Economic Journal, 110: 388±410.
Cani els, M.C.J. (1999) Regional Growth Differentials. Maastricht: Universitaire Pers Maastricht.
Cantwell, J., Janne, O. (1999) Technological globalisation and innovative centres: the role of
corporate technological leadership and locational hierarchy. Research Policy, 29: 119±144.
Cantwell,J.,Iammarino,S.(2001)EUregionsandmultinationalcorporations:change,stabilityand
strengthening of technological comparative advantage. Industrial and Corporate Change, 10:
1007±1037.
Cowan, R., David, P.A., Foray, D. (2000) The explicit economics of knowledge codi®cation and
tacitness. Industrial and Corporate Change, 9: 211±253.
The spatial dimension of patenting  41Criscuolo, P., Narula, R., Verspagen, B. (2001) Measuring knowledge ¯ows among European and
American multinationals: a patent citation analysis. Paper prepared for the ECIS Conference on
the Future of Innovation Studies, September 2001, Eindhoven, the Netherlands.
Dunning, J.H., Narula, R. (1995) The R&D activities of foreign ®rms in the United States.
International Studies of Management and Organization, 25: 39±73.
Gertler, M. (2001) Tacit knowledge andthe economic geography of context. Paper presentedat the
DRUID Summer conference, 12±15 June 2001, Aalborg, Denmark.





Working Paper 5712, Cambridge MA.
Jaffe, A.B., Trajtenberg, M. (1998). International knowledge ¯ows: evidence from patent citations.
NBER Working Paper 6507, Cambridge MA.
Jaffe,A.B.,Trajtenberg,M.,Henderson,R.(1993)Geographiclocalizationofknowledgespillovers
as evidenced by patent citations. Quarterly Journal of Economics, 108: 577±598.
Jaffe, A.B., Fogarty, M.S., Banks, B.A (1998) Evidence from patents and patent citations on the
impact of NASA and other federal labs on commercial innovation. Journal of Industrial
Economics, 46: 183±205.
Jaffe, A.B., Trajtenberg, M., Fogarty, M.S. (2000) The meaning of patent citations: report on the
NBER/Case-Western Reserve survey of patentees. NBER Working Paper No. 7631,
Cambridge MA.
Johnson,B.,Lorenz,E.,Lundvall,B.-A Ê .(2002)Whyallthisfussaboutcodi®edandtacitknowledge?
Industrial and Corporate Change, 11: 245±262.
Le Bas, C., Sierra, C. (2002) Location versus home country advantages in R&D activities: some
further results on multinationals' locational strategies. Research Policy, 31: 589±609.
Marsili, O. (2001) The Anatomy and Evolution of Industries: Technological Change and Industrial
Dynamics, Cheltenham: Edward Elgar.
Maurseth, P.-B., Verspagen, B. (2002) Knowledge spillovers in Europe. a patent citation analysis.
Scandinavian Journal of Economics, 104: 531±545.
Morgan,K.(2004)Theexaggerateddeathofgeography:localizedlearning,innovationanduneven
development. Journal of Economic Geography, 4: 3±21.
Patel,P.,Pavitt,K.(1991)Large®rmsintheproductionoftheworldstechnology:animportantcase
of non-globalisation. Journal of International Business Studies, 22: 1±21.
Patel,P.,Vega,M.(1999)Patternsofinternationalisationandcorporatetechnology:locationversus
home country advantages. Research Policy, 28: 145±155.
Pavitt,K.(1984)Sectoral patternsoftechnicalchange:towardsataxonomyandatheory.Research
Policy, 13: 343±373.
Saxenian, A. (1994) Regional Advantage. Culture and Competition in Silicon Valley and Route 128.
Cambridge MA: Harvard University Press.
Von Hippel, E. (1994) Sticky information and the locus of problem solving: implications for
innovation. Management Science, 40: 429±439.
42  Verspagen and Schoenmakers